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Abstract Silibinin, a flavonoid derived from the herb

milk thistle (Silybum marianum), has been used as a hepato-

protectant in the clinical treatment of liver disease. In the

present study, the effect of silibinin on lipopolysaccharide

(LPS)-induced neuroinflammatory impairment in rats is

investigated. Injection of LPS into lateral ventricle caused

learning and memory impairment. Rats were treated with

silibinin to see the effect in comparison with resveratrol as a

positive control. Y-maze and Morris water maze tests

showed that silibinin significantly attenuated memory

damage caused by LPS treatment. At the molecular analy-

sis, the levels of IL-1b and of IL-4 in the hippocampus were

decreased and enhanced, respectively, by the treatment with

silibinin. NF-jB expression was attenuated by silibinin

treatment. Furthermore, generation of total reactive oxygen

species (ROS) in the hippocampus was elevated in silibinin-

treated groups, and so were the expressions of brain-derived

neurotrophic factor (BDNF) and tyrosine receptor kinase B

(TrkB). At the same time, LPS-induced reduction of neu-

rons in hippocampus was reversed by silibinin. In conclu-

sion, silibinin ameliorated the impairment of learning and

memory of LPS-injection rats, possibly due to the activation

of ROS–BDNF–TrkB pathway in the hippocampus as well

as the suppression of inflammatory response. This study

gives an insight on the beneficial consequences of ROS in

central nervous system. Silibinin might be a potential can-

didate drug for neurodegenerative diseases.
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Introduction

Silibinin has been reported to exert hepatoprotective, car-

dioprotective and neuroprotective effects [1–3]. However,

the mechanism of the neuroprotective effect is still unclear.

Therefore, we evaluated the potential role of silibinin in

modulating neuroinflammation triggered by LPS.

Neuroinflammation has been reported as a pathological

hallmark of Alzheimer’s disease and other neurodegener-

ative diseases [4, 5]. However, the detailed mechanism

underlying the effect of neuroinflammation on cognitive

function is not completely clarified yet. LPS is a major

bacterial Toll-like receptor 4 (TLR4) ligand that activates

the innate immune response to infections. Administration

of LPS by systemic injection [6], intracerebral microin-

jection or chronic infusion [7, 8] caused cognitive

impairment in animal models. Studies showed that LPS

administration resulted in cognitive impairment through

the release of pro-inflammatory cytokines [9].

ROS exert diverse biological consequences in the

mammalian central nervous system (CNS). It is reported

that cytotoxic effects of ROS contribute to the death of

neurons of the mammalian CNS in chronic neurodegener-

ative diseases such as Alzheimer’s and Parkinson’s disease

[10, 11]. Interestingly, ROS, as signaling molecules, reg-

ulate various physiological processes including cell pro-

liferation, differentiation, migration and survival [12, 13].
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Glutathione peroxidase, GSH-PX, a selenium-contain-

ing enzyme, plays a principle function to reduce, in pres-

ence of GSH, the peroxides of organic compounds within

membranes and lipoproteins.

BDNF is widely expressed in the mammalian brain.

Declined level of BDNF was implicated in the pathophys-

iology of various CNS diseases [10]. LPS-administration

decreased BDNF expression in both tissue level and plasma

concentration [14]. TrkB receptor tyrosine kinase, a BDNF

receptor, is widely detected in neurons of the mammalian

CNS, and TrkB contributes to diverse biological processes,

including neuronal survival and differentiation as well as

synaptic structure, function and plasticity [15]. Therefore,

in this study, pharmacological effects of silibinin on

learning and memory impairment induced by LPS-injection

in rats were examined. Furthermore, we investigated its

effect on the inflammatory response and ROS–BDNF–TrkB

pathway in the hippocampus.

Materials and Methods

Animals

Male Sprague–Dawley rats weighting 240–260 g were

obtained from Experimental Animal Center of Shenyang

Pharmaceutical University (Shenyang, China). They were

housed under conventional conditions with appropriate

temperature (22 ± 0.5 �C) and humidity (50–60 %) con-

trol and a 12/12 h light/dark cycle (lights on from 8:00 a.m.

to 8:00 p.m.) and allowed free access to food and water. All

experiments and procedures were carried out according to

the Regulations of Experimental Animal Administration

issued by State Committee of Science and Technology of

China.

Drugs and Reagents

Silibinin (Fig. 1a) was purchased from Jurong Best Medi-

cine Material (Jiangsu, China). The purity was more than

99 % as determined by HPLC. LPS (Escherichia coli;

055:B5), trypsin, 20,70-dichlorofluorescein diacetate

(H2DCF-DA) were purchased from Sigma Chemical (St.

Louis, Mo, USA). Resveratrol was purchased from Aladdin

Industrial (L.A., CA, USA). All other chemicals were

commercially available and of reagent grade.

Treatment

All rats were first screened using the Morris water maze

test to exclude those held still or gained extremely scores in

escape latency in the maze. 66 rats with similar scores in

escape latency and searching distance were then divided

randomly into six groups: control group, model group,

three silibinin-treated groups (25, 50, and 100 mg/kg) and

resveratrol-treated group (30 mg/kg). Rats were then

anesthetized with chloral hydrate (350 mg/kg body wt.,

i.p.) and placed in stereotaxic apparatus (Kiel, Wl, USA)

where they were received an injection of 50 lg of LPS in

5 ll into the lateral ventricle. The injection coordinates:

anteroposterior, -0.9 mm from the bregma; lateral,

1.5 mm from the bregma; ventral, -3.8 mm from the skull.

The control group received an injection of 5 ll of sterile
saline into the lateral ventricle. Silibinin and resveratrol

were suspended in a 0.3 % carboxymethylcellulose (CMC)

solution and administrated by oral gavage once a day. All

compounds were administrated systemically in a volume of

10 ml/kg body weight.

Y-Maze Test

The working memory in terms of spontaneous alteration

behavior in Y-maze test was assessed according to the

experimental protocol (Fig. 1b) [16]. The Y-maze test was

a horizontal maze (40 cm long and 14 cm wide, with walls

22 cm high) made of polyvinyl chloride (PVC) material

with three arms (labeled A, B, and C) disposed at 120� to
each other. Each rat was placed at the center of the appa-

ratus and allowed to move freely through the maze for

8 min. The number of alternations (i.e., consecutive entry

sequences of ABC, CAB or BCA, but not BAB) and the

numbers of arm entries were recorded. Maze arms were

thoroughly cleaned between tests with water spray to

remove residual odors. The percentage alternation was

calculated according to the following equation: percentage

alternation (%) = [(number of alternations)/(total arm

entries - 2)] 9 100.

Morris Water Maze Test

All rats were tested in the Morris water maze using a pool

150 cm in diameter filled with water at 20 ± 2 �C [17, 18].

A hidden platform 13 cm in diameter was placed 1–2 cm

under the water surface in the southwestern quadrant (the

target quadrant) of the pool. Rats were trained twice a day

for six consecutive days with an inter-trial interval of 3 h

and each trial lasted for 90 s. Rats were placed in the pool

facing the wall in the northeast, southeast, or northwest

direction, and escape latency, swimming speed and dis-

tance travelled were recorded with a video camera attached

to the ceiling. On the seventh day of the test, rats performed

a probe test for 90 s with the platform removed. Swimming

speed, platform-site crossings, time spent and distance

travelled in the target quadrant were recorded and analyzed

by SLY-ETS type software (Beijing Sunny Instruments,

Beijing, China).
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ELISA Assay

Whole blood was collected from the eye venous plexus

1 h later after the administration of silibinin on 8:00 a.m.

The samples were naturally coagulated in room tempera-

ture for 15 min, then centrifuged at 25009g for 20 min,

and the supernatant, serum, was collected. The hip-

pocampus samples were removed on an ice-cold glass

plate. Tissues were homogenized in PBS. After centrifug-

ing at 25009g for 20 min, the protein concentration of the

supernatant was quantified using the BCA Protein Assay

Kit (Beyotime, Jiangsu, China). The concentrations of IL-

1b, TNFa and IL-4 were determined with ELISA kits

(Dakewe Biotech, Shenzhen, China) according to the

manufacturer’s protocol.

Western Blotting Analysis

The rats received the final administration of silibinin 1 h

before sacrificed. The hippocampus samples were removed

on an ice-cold glass plate and stored at -80 �C. Western

blotting was performed according to standard protocols.

Tissues were cut into small pieces then homogenized in

lysis buffer [50 mM Hepes (pH 7.4), 1 % Triton-X 100,

2 mM sodium orthovanadate, 100 mM sodium fluoride,

1 mM edetic acid, 1 mM PMSF, 10 lg/mL aprotinin and

10 lg/mL leupeptin] on ice for 1 h. After centrifugation at

13,0009g for 15 min, the protein concentration of the

supernatant was quantified using the BCA Protein Assay

Kit. Samples were separated by 12 % sodium dodecyl

sulfate–polyacrylamide gel electrophoresis (SDS-PAGE),

and transferred to polyvinylidene fluoride (PVDF) mem-

branes. The membranes were blocked with 5 % skim milk

in phosphate buffer solution and Tween-20 (PBST) at room

temperature for 2 h, then incubated overnight at 4 �C with

primary antibodies against NF-jB (1:1000), BDNF

(1:1000), TrkB (1:500), IL-1b (1:100), IL-4 (1:100) and b-
actin (1:2000) (Santa Cruz, CA, USA) serving as a loading

control. Membranes were washed three times for 10 min

with PBST and incubated with the respective peroxidase-

conjugated secondary antibodies at room temperature for

3 h. After three times washing for 10 min, the proteins

were visualized by enhanced chemiluminescent ECL

reagents (Thermo Scientific, Rockford, IL, USA). Densities

of the protein bands were determined with Bio-Rad

Quantity One 4.6.2 imaging software (Hercules, CA,

USA).

Flow Cytometric Analysis of Intracellular ROS

The rats were sacrificed 1 h later after received adminis-

tration of silibinin. The hippocampus tissues were removed

on an ice-cold glass plate, then cut into small pieces with

small scissors, and digested with 4 ml trypsin (0.125 %) in

the constant temperature box at 37 �C for 30 min [19]. The

hippocampus samples were centrifuged at 12009g for

15 min, and then the pellets were harvested and suspended

in 1 ml PBS. To measure the hippocampal intracellular

ROS levels, the cells were stained with 10 lM 20,70-
dichlorofluorescein diacetate (H2DCF-DA) (Sigma Chem-

ical, St. Louis, MO, USA) at 37 �C for 30 min. DCFH-DA

is a stable non-polar compound that readily diffuses into

cells and is hydrolysed by intracellular esterase to yield

H2DCF, which is trapped within the cells. ROS produced

by the cells oxidizes H2DCF to the highly fluorescent

compound DCF; thus, the fluorescence intensity is pro-

portional to the amount of ROS produced by the cells. The

samples were analyzed by a FACScan flow cytometer

Fig. 1 Chemical structure of silibinin (a) and protocol in this study (b). To detect the rats’ memory ability, Y-maze and Morris water maze

tests were measured, respectively. The concentrations of IL-1b, TNFa and IL-4 were determined with ELISA kits
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(Becton–Dickinson, Franklin Lakes, NJ, USA) to process

the image.

GSH-PX Assay

The hippocampus samples were homogenized and cen-

trifuged at 25009g for 20 min. the protein concentration of

the supernatant was quantified using the BCA Protein

Assay Kit. Subsequently, the supernatant was used to

measure the activity of GSH-PX by using commercial

reagent kit (Nanjing Jiancheng Bioengineering Institute,

Nanjing, China) according to the manufacturer’s protocol.

Nissl Staining

Rats were perfused with 4 % paraformaldehyde (pH 7.3)

after anesthesia with chloral hydrate (350 mg/kg, i.p.).

Briefly, after post-fixation in the same fixative at 37 �C for

1 h, the brains were cut into 30–40 lm-thick coronal sec-

tions. The sections were mounted on poly-lysine coated

slides, rehydrated in distilled water overnight, and then

hydrated in graded ethanol, paraffin-embedded. The sec-

tions were cut into 5 lm thick coronal sections using

paraffin slicing machine (Heidelberger StraBe, NuBloch,

Germany). The samples were submerged in 1 % cresyl

violet for about 7 min until the desired depth of staining

was achieved. After being rinsed in distilled water and

dehydrated in graded ethanol, sections were immersed in

xylene, mounted in neutral balsam and cover slipped.

Nissl-positive cells in the pyramidal layer of medial CA1

region were examined to assess neuronal loss.

Statistical Analysis

The results were expressed as mean ± SEM. Statistical

significance was determined with the one- or two-way

ANOVA followed by Fisher’s LSD multiple comparisons

test using Statistics Package for Social Science software

(version 13.0; SPSS, Chicago, IL, USA). P\ 0.05 was

considered statistically significant.

Results

Silibinin Reversed Working Memory Impairment

Induced by LPS in Y-Maze Test

LPS-injected rats showed significantly reduced sponta-

neous alternation behavior compared with saline-injected

rats [F(5, 14) = 4.722, P\ 0.05, post hoc, P\ 0.05,

Fig. 2a]. Silibinin (25, 50 and 100 mg/kg) markedly

attenuated the impairment of spontaneous alternation

behavior in LPS-injected rats [F(5, 14) = 4.722, P\ 0.05,

Fig. 2a]. There was no obvious difference in the number of

arm entries among the groups [F(5,20) = 0.918, P = 0.49,

Fig. 2b]. Resveratrol-treated group (30 mg/kg) also

showed similar improvement in spontaneous alternation

behavior (P\ 0.01, Fig. 2a). These data suggested that

silibinin ameliorated working memory deficits in LPS-in-

jected rats.

Silibinin Reversed LPS-Induced Learning

and Memory Impairment in MWM Test

The group difference in mean escape latencies was illus-

trated in Fig. 3a. During the training period, there was a

significant difference in the performance of six different rat

groups [Fgroup(5,321) = 5.012, P\ 0.001; Fday(5,321) =

39.711, P\ 0.001; Fgroup9day (25,321) = 0.843, P =

0.686, Fig. 3a]. From day 3 in the training test, rats in

model group took a longer time to find the platform com-

pared to the control group, and treatment with silibinin (25,

50 and 100 mg/kg) decreased the escape latencies

(P\ 0.05). In the probe test, the distance travelled and the

Fig. 2 Protective effects of silibinin against LPS-induced impairment

of working memory in Y-maze test. a Alternation behavior measured

during 8 min session. Treatment with silibinin reversed LPS-induced

decrease in percentage of alternation. b Number of arm entries was

measured during 8 min session. No significant difference was

observed among the groups. sili silibinin, rev resveratrol. All of the

results are expressed as the mean ± SEM n = 4–5; #P\ 0.05 versus

saline-injected rats; *P\ 0.05, **P\ 0.01 versus LPS-injected rats
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time spent in the target quadrant were significantly less in

the LPS-injected group compared to the saline-injected

group [distance: F(5,52) = 2.724, P\ 0.05, post hoc,

P\ 0.05; time: F(5,49) = 5.472, P\ 0.001, post hoc,

P\ 0.01, Fig. 3b, c]. Silibinin (100 mg/kg) increased the

distance travelled [F(5,52) = 2.724, P\ 0.05, post hoc,

P\ 0.01, Fig. 3b] and the time [F(5,49) = 5.472,

P\ 0.001, post hoc, P\ 0.01, Fig. 3c] spent in the target

quadrant. Silibinin-treated rats showed improvement in

their search accuracy as indicated by higher number of

platform crossings compared to the LPS-injected group

[F(5,50) = 14.572, P\ 0.001, Fig. 3d], and silibinin (50,

100 mg/kg) showed a marked improvement effect

[P\ 0.05; P\ 0.001, Fig. 3d]. There was no difference in

the swimming speed among the groups [F(5,57) = 0.21,

P = 0.957, Fig. 3e]. The resveratrol was used as positive

control. These data indicated that silibinin improved the

learning and memory impairment in LPS-injected rats.

Silibinin Suppressed Neuronal Loss Induced by LPS

in Hippocampal CA1 Region

As shown in Fig. 4, LPS induced an obvious neuronal loss

and injury of neuron structure in the CA1 region, and

treatment with silibinin (25, 50, 100 mg/kg) reduced this

loss and reversed the structural injury, as reflected by

density and morphology of the cells with Nissl bodies.

Silibinin Inhibited the Expression of IL-1b
and TNFa Induced by LPS in the Serum

As shown in Fig. 5a, b, treatment of rats with LPS resulted

in increased expression of IL-1b and TNFa in the serum

[IL-1b: F(5,28) = 2.797, P\ 0.05, post hoc, P\ 0.01;

TNFa: F(5,24) = 10.135, P\ 0.001, post hoc, P\ 0.01],

which was significantly decreased by silibinin (25, 50 and

100 mg/kg) [IL-1b: F(5,28) = 2.797, P\ 0.05, Fig. 5a;

Fig. 3 Effects of silibinin on learning and memory deficits induced

with LPS in the Morris water maze test. a Changes in the latency to

reach the platform during the training period. Changes in the time

spent (b) and distance travelled (c) in the target quadrant in the probe

trail. LPS-treated group exhibited a decrease in time spent and

distance travelled in the target quadrant compared to saline-injected

group. These effects were reversed by silibinin treatment. d The

number of platform crossings during the probe trail. e No significant

difference in swimming speed was observed among the groups. All of

the results are expressed as the mean ± SEM n = 9–11; #P\ 0.05,
##P\ 0.01, ###P\ 0.001 versus saline-injected rats; *P\ 0.05,

**P\ 0.01, ***P\ 0.001 versus LPS-injected rats
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TNFa: [F(5,24) = 10.135, P\ 0.001, Fig. 5b] in a dose-

dependent manner. Resveratrol prevented the elevation of

IL-1b and TNFa expression induced with LPS (P\ 0.05

and P\ 0.05).

Silibinin Inhibited the Production of IL-1b
and Promoted the Production of IL-4 Induced

by LPS in the Hippocampus

The expression of cytokines levels (IL-1b and IL-4) in the

hippocampuswere shown inFig. 5c, d, andLPS injection led to

the increase in IL-1b expression [F(5,15) = 13.036,

P\0.001, post hoc, P\0.001, Fig. 5c] and its production

was inhibited by silibinin-treatment (50 and 100 mg/kg)

[F(5,15) = 13.036, P\0.001]. LPS-injection led to the

decrease in the expression of IL-4 [F(5,24) = 3.967,P\0.01,

post hoc, P\0.01, Fig. 5d] and this effect was reversed by

silibinin (50 and 100 mg/kg) administration [F(5,24) = 3.967,

P\0.01, Fig. 5d]. Resveratrol prevented the increase in IL-1b
expression andhad no influence on the level of IL-4 (P\0.001

and P[0.05). Data of the Western blotting analysis of IL-1b
and IL-4 showed the same effects (Fig. 5e).

Silibinin Suppressed LPS-Induced NF-jB

Expression in the Hippocampus

Nuclear factor kappa B (NF-jB) is a transcription factor

involved in immune and inflammatory response

especially induction of proinflammatory cytokines [20].

Our study showed that an increase in the level of NF-jB
was attenuated by silibinin treatment (Fig. 5f).

Silibinin Reversed the Reduction of Total ROS

in the Hippocampus of LPS-Treated Rats

The silibinin’s effect on the production of ROS was

examined by flow cytometry analysis. As shown in Fig. 6a,

treatment of rats with LPS resulted in decreased production

of total ROS [F(5,14) = 9.419, P\ 0.001, post hoc,

P\ 0.001, Fig. 6a] which was reversed by silibinin (25, 50

and 100 mg/kg) [F(5,14) = 9.419, P\ 0.001, Fig. 6a].

Resveratrol also markedly increased the ROS production

(P\ 0.001, Fig. 6a).

Silibinin Inhibited LPS-Induced GSH-PX Activity

in the Hippocampus

These results showed that the activity of GSH-PX was

significantly increased in the LPS-injected group compared

to the saline-injected group [F(5,17) = 4.803, P\ 0.01,

post hoc, P\ 0.01, Fig. 6b], and silibinin-treatment

decreased this up-regulation of GSH-PX activity

[F(5,17) = 4.803, P\ 0.01, Fig. 6b]. Resveratrol also

decreased the GSX-PX activity [P\ 0.05, Fig. 6b].

Fig. 4 Hippocampal CA1

region was observed with Nissl

staining. Silibinin reduced LPS-

induced neuron reduction in the

CA1 region, as reflected by the

density of the cells with Nissl

bodies. The number of neurons

in the CA1 subfield was

statistically analyzed with

Image-Pro Plus 6.0 analysis

software. The bar graph showed

the relative number of neurons

of silibinin-treated groups

relative to saline-injected group.
##P\ 0.01 versus saline-

injected rats; **P\ 0.01 versus

LPS-injected rats. Scale

bar = 50 lm
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Fig. 5 Silibinin ameliorates inflammatory response in LPS-treated

rats. a, b Effects of silibinin on LPS induced IL-1b and TNFa
productions in the serum. c–e Effects of silibinin on LPS induced IL-

1b and IL-4 productions in the hippocampus, as analyzed by c,
d ELISA and e Western blotting. f Silibinin down-regulated the

expression level of NF-jB in the hippocampus. Hippocampus

homogenates were prepared and analyzed by Western blotting. All

of the results are expressed as the mean ± SEM ##P\ 0.01,
###P\ 0.001 versus saline-injected rats; *P\ 0.05, **P\ 0.01,

***P\ 0.001 versus LPS-injected rats
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Silibinin Increased BDNF and TrkB Expression

in the Hippocampus of LPS-Treated Rats

The expression levels of BDNF and TrkB were obviously

down-regulated in the LPS-injected rats compared to the

saline-injected rats, and silibinin-treated groups showed

higher expression levels compared to the LPS-injected

group (Fig. 7). Resveratrol also increased the expression of

BDNF and TrkB (Fig. 7).

Discussion

We examined the effect on memory impairment induced by

LPS in rats. LPS-treatment induced a long-term impair-

ment on memory [21, 22]. Silibinin significantly protected

against LPS-induced learning and memory impairment in

both Y-maze and MWM tests. This study further verified

the protective effect of silibinin focusing on neuroinflam-

mation as a potential mechanism. Furthermore, silibinin

ameliorated inflammatory response and activated the ROS–

BDNF–TrkB pathway in the rat hippocampus.

Neuroinflammation has been reported as one of the

causes of the neuropathogenesis and cognitive impair-

ment. It plays a critical role in the development of

Alzheimer’s and other neurodegenerative diseases [4]. It

has been reported that LPS-injection causes many

behavioral and pathological symptoms including memory

impairment [23]. Injection of LPS activates glial cells to

synthesize and secrete the proinflammatory cytokines,

such as TNFa, IL-1b and IL-6. LPS-injection also results

in upregulation of autophagy in the hippocampus [24].

Our study demonstrated that silibinin could reduce the

overproduction of serum TNFa and IL-1b induced by

LPS. At the same time, the decrease in the expression of

IL-4 and the increase in the production of IL-1b in the

hippocampus were reversed by silibinin-treatment. IL-4 is

an anti-inflammatory cytokine that is produced by Th2

cells. It coupled with anti-inflammatory cytokines such as

IL-10 causes diminution of pathological inflammation and

mediate numerous beneficial effects on CNS function in

animal models of Alzheimer’s disease [25, 26]. Silibinin

increased IL-4 production in LPS-treated hippocampus

and might play anti-inflammatory role. Since NF-jB
induces gene expression of proinflammatory cytokines

such as IL-1b and TNFa, inhibition of the NF-jB sig-

naling pathway by silibinin also plays an important role in

its beneficial effect against LPS-induced neuroinflamma-

tion. It suggested that the anti-inflammatory effect of

silibinin contributes to the improvement of memory

Fig. 6 Silibinin reversed the decrease of ROS level in LPS-injected

rats. a Effects of silibinin on ROS generation in the hippocampus.

Silibinin promoted ROS production. ROS level was measured by flow

cytometry analysis with H2DCF-DA staining. b Effects of silibinin on

the activity of GSH-PX in the hippocampus. All of the results are

expressed as the mean ± SEM n = 3–4; ###P\ 0.001 versus saline-

injected rats; *P\ 0.05, **P\ 0.01, ***P\ 0.001 versus LPS-

injected rats
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deficits. To our knowledge resveratrol shows no regula-

tory effect on production of anti-inflammatory cytokine

IL-4. Furthermore, in this study the decrease in the pro-

duction of IL-4 was not reversed by resveratrol. We

speculate that silibinin can ameliorate inflammatory

response by regulating cytokine production by macro-

phage lineage and Th2 cells, but resveratrol may only

accommodate macrophage.

The injury effects of excess ROS, such as oxidative

stress and cell injury, were well documented [10, 11], but

the beneficial consequences of ROS in CNS neurons are

not well appreciated. The neurotoxic effects of ROS are

paralleled by neuroprotective functions [12, 13]. The major

peroxidase enzymes are GSH-PX that is both cytosolic and

mitochondrial [27], and catalase that is localized in intra-

cellular peroxisomes [28]. Basal H2O2 levels can be

amplified in a concentration-dependent manner by the

GSH-PX inhibitor, mercaptosuccinate (MCS) [29]. Inhi-

bition of the activity of GSH-PX results in the accumula-

tion of endogenous H2O2. In this study, LPS-injection

increased the activity of GSH-PX and decreased the level

of ROS. Silibinin played a protective role by decrease in

the GSH-PX activity and gave rise to the increased ROS

production. Our results are partially consistent with pre-

vious studies [30, 31], demonstrating that scavenging of

some superoxide species impairs learning and memory and

that protective effect of some ROS is required for learning

and memory. There are reports that LPS-injection induces

oxidative stress and we suppose that this is due to the short-

term effects of administration of LPS [32, 33], the length of

time after LPS-administration is important to the regulation

of ROS in the hippocampus.

Reports suggest that BDNF is widely expressed in the

mammalian brain and reduced level of BDNF is implicated

in the pathophysiology of various CNS diseases [10]. As a

neurotransmitter modulator, BDNF regulates plasticity

processes as well as learning and memory [34, 35]. The

interplay between inflammation and BDNF may lead dys-

function of the hippocampus [36]. In our study, the reduced

expression of BDNF and TrkB induced by LPS-injection

was reversed by silibinin-treatment. It was reported that

neuroprotective effects of ROS was due to the ROS-trig-

gered activation of TrkB [37, 38]. Taken together, the

protective effect of silibinin appears to be partially due to

the activation of ROS–BDNF–TrkB pathway.

In summary, silibinin significantly protected the rats

from LPS-induced neuroinflammation and cognitive dys-

function. The protective effect of silibinin appears to be

due to the amelioration of inflammatory response as well as

the activation of ROS–BDNF–TrkB pathway in the hip-

pocampus. Our study highlights the beneficial conse-

quences of ROS in CNS, as the protective effect of ROS in

the brain is associated with curing aging and neurodegen-

erative diseases, including Alzheimer’ disease and

Parkinson’s disease. Taken together, silibinin may be a

potential candidate drug for neurodegenerative diseases in

which protective effect of ROS is involved.
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